After the administration of 3H-and 14C-cholesterol to rats 3 days and 4 hr prior to their death respectively, ester and free cholesterol in adrenal glands were successfully labeled separately with different isotopes. Examination of the 3H/14C ratio in free and ester cholesterol of adrenal glands and in plasma corticosterone enabled us to study of the role of ester cholesterol in corticosteroidogenesis in ACTH stimulated adrenal glands. By the ACTH administration, the rate of ester cholesterol hydrolysis was increased, while the rate of esterification of free cholesterol was decreased and the hydrolized cholesterol was incorporated into the free cholesterol pool in mitochondria, and then utilized for corticosterone biosynthesis. The administration of cycloheximide did not interfere with the stimulated rate of ester cholesterol hydrolysis in the ACTH-treated adrenals but it prevented the response of plasma corticosterone to ACTH.
The obligatory role of cholesterol in the biosynthesis of steroid hormones in adrenal glands seems to be well established (Krum et al., 1964; Ichii et al., 1967) . Previously (Ichii and Kobayashi, 1966) , it was reported that a fraction of free cholesterol in adrenal mitochondria might possibly be a direct precursor of corticosteroids. However, little is known about the role and function of the adrenal cholesterol esters. Largely because the administration of ACTH to an intact animal results in a substantial decrease in adrenal cholesterol, almost entirely due to depletion of cholesterol esters (Sayers et al., 1944; Glick and Ochs, 1955) , it has been suggested that esterified cholesterol may be the immediate precursor of steroid hormones in ACTH stimulated adrenals (Conn et al., 1950; Riley, 1963) . However, no direct evidence has been available. Recently, Davis and Garren (1966) and more recently, Davis alone (1969) presented some evidence for the conversion of cholesterol esters to free cholesterol in rat adrenal glands stimulated by ACTH. However, their studies were not concerned with whether or not the free cholesterol liberated from ester cholesterol contributes to the increased rate of corticosteroidogenesis in the glands. The complicated functional compartmentation of cholesterol in subcellular components of the adrenal cortex has been suggested (Ichii et al., 1965; Ichii and Kobayashi, 1966) therefore, more precise examinations seem to be necessary to elucidate the role of ester cholesterol in the corticosteroid biosynthesis of the stimulated adrenal gland. We are going to report here the results of experiments that bear on this problem.
Materials and Methods
Cholesterol generally labeled with tritium (4.25 Ci/mmole) and 4-14C-cholesterol (33.5 mCi/mmole) were obtained from Daiichi Kagaku Co., Tokyo. Endocrinol. Japon. February 1970 Both radioactive cholesterols were purified by thinlayer chromatography before use.
Male Wistar rats weighing 200 to 250g were used. They were all maintained in a temperature-controlled room illuminated from 7 a.m. to 7p.m. and received food and tap water ad libitum. Each experimental group consisted of 3 rats. Animals were sacrificed by exsanguination, and adrenals and plasma from 3 rats of each group were pooled and processed simultaneously. To administer the radioactive cholesterol to the animals, the substance was suspended in saline solution with the aid of Tween 80(2mg/m/). ACTH used in this experiment was "Cortrophin (N. V. Organon Co. Oss, Holland), dissolved into 1.0ml saline solution (3 units/rat) and injected subcutaneously.
The extraction and purification of free and ester cholesterol from subcellular components of rat adrenal glands and corticosterone from plasma were carried out by the method described previously (Ichii et al., 1965; Ichii and Kobayashi, 1966) with minor modifications in the chromatographic system. In this experiment, thin-layer chromatography of silica gel (benzene: acetone: water, 30: 10: 1 and methylenechloride: methanol: water, 600: 20: 1, v/v) was replaced by paper chromatographic systems to purify plasma corticosterone. Radiochemical purity of the corticosterone thus purified was confirmed by the recrystallization method, Plasma corticosterone was determined by the sulfuric acid-alcohol fluorescence reaction according to Peterson (1957) , and ester and free cholesterol were quantitified by the FeC13 color reaction (Glick et al., 1964) after removing digitonin.
Radioassays were carried out in a Packard Tri Carb liquid scintillation spectrometer at the efficiency level of 38% for 3H and 53% for14C, respectively. A statistical counting accuracy (Loevinger and Berman, 1951) however, the specific activity of ester cholesterol increased with time and 3 days after the treatment, a dominant radioactivity was observed in ester cholesterol. In accordance with these observations, the animals were treated with 3H-cholesterol 3 days, and with this way, it is possible to label most of the free cholesterol with 14C and the bulk of ester cholesterol with 3H at the time of sacrifice of the animals. Using this labelling method, the interconversion of ester, free cholesterol and corticosterone in the adrenal stimulated by ACTH was examined in vivo. As seen in Table  2 , the 3H/14C ratio of free cholesterol in the adrenal mitochondria and the post-mitochondrial fraction obtained from the control animals was around 1 (0.59-1.31), while that of ester cholesterol was around 4 (2.04-6.80). No significant difference was noticed between the radioactivity ratio in mitochondria and that in post-mitochondrial fraction. Administration of ACTH (3 units/rat) caused marked alterations in the distribution of 3H and 14C radioactivity in free and ester cholesterol; 30 min and 1hr after the ACTH administration Similarly, 3H/14C ratio of plasma corticosterone was also elevated during the limited period after the ACTH-treatment (Table 3) . However, 2hr after the treatment, the ratio of the radioactivities was much lower than that of the control. The resuts presented in Tables 2 and 3 clearly indicate that the free cholesterol liberated from ester cholesterol by the stimulated hydrolysis caused by ACTH is utilized for the biosynthesis of corticosterone . The 3H/14C ratios of plasma corticosterone were much lower than the values of mitochondrial free cholesterol, and this may be explained by suggesting that the cholesterol derived from plasma is readily utilized for the biosynthesis of corticosterone in adrenal mitochondria before mixing with the endogenous cholesterol pool in mitochondria. The 3H/14C ratio of plasma cholesterol was close to zero at the time of sacrificing the animals. The ratio lower than the control observed 2 hr after the ACTH administration may have been caused by the stimulating effect of ACTH upon the accumulation in the gland of cholesterol from plasma (Dexter et al., 1967) . Cycloheximide, an inhibitor of protein biosynthesis, is known to block the stimulation of steroidogenesis by ACTH (Davis and Garren, 1968) . The effect of cycloheximide injection on the interconversion of ester and free cholesterol was examined (Table 4) . Cycloheximide administration (10 mg/rat, intraperitoneally) exerted an effect on 3H/14C ratio favoring 3H in both free and ester cholesterol; however, it did not interfere with the stimulation of ester cholesterol hydrolysis induced by ACTH. The 3H/14C ratio of plasma corticosterone in the cycloheximidetreated animals was also significantly higher than those of the control animals (Table 5) . ACTH administration to the cycloheximidetreated animals caused a further slight elevation of the ratio in plasma corticosterone. Concentration of plasma corticosteron under the conditions of this experiment are shown in Table 6 . Thirty minutes after the Table 4 . Effect of cycloheximide on the ACTH induced alterations in 3H/14C ratio of adrenal mitochondrial cholesterol Cycloheximide (10 mg/rat in 0.5 ml saline) was injected intraperitoneally 50 min, and ACTH (3 units/rat) was administered 30 min, before the death of animals, respectively. Other experimental conditions were the same as those of Table 2 . 
Discussion
The labelling of ester and free cholesterol in adrenal glands with 3H and 14C in vivo enabled us to examine the interconversion of ester and free cholesterol and its role in the corticosterone biosynthesis in ACTH stimulated adrenal glands. The presented data indicate that the administration of ACTH stimulated the rate of conversion of ester cholesterol to the free form and decreased the rate of esterification of free cholesterol. Accumulation of free cholesterol and concomitant loss of ester cholesterol after the treatment of the animals with ACTH and cycloheximide have already been reported by Davis and Garren (1966) , and the present experiment presents the direct evidence of the role of ester cholesterol in providing free cholesterol, the direct precursor of corticosteroids, in ACTH-stimulated adrenals. Ester cholesterol was reported to be an intermediate in the biosynthesis of adrenal corticosteroids (Dailey et al., 1963) ; however, this was shown to be unlikely (Goodman, 1965, Ichii and Kobayashi, 1966) . Activation of cholesterol Tables  2 and  4. esterase by ACTH and dibutyryl cyclic AMP in rat adrenals (Davis, 1969) and by luteinizing hormone but not by cyclic AMP in rat ovary (Behrman and Armstrong, 1969) was reported recently. These authors were not concerned with the mechanism of the enzyme activat on, but at least the new enzyme formation does not seem to be involved, since cycloheximide, administered in amounts that block protein synthesis in the adrenal (Davis and Garren, 1968) , did not prevent the conversion of ester cholesterol to free cholesterol. The fact that the administration of cycloheximide caused an elevation in the 3H/14C ratio both of cholesterol fractions in mitochondria and of corticosterone in plasma may be explained by the following two possibilities: either cycloheximide per se accelerates the hydrolysis of ester cholesterol, or cycloheximide inhibits the adrenal cholesterol uptake from plasma. Experiments are in progress to examine these possibilities; however, estimation of the specific activity of 14C-cholesterol in cycloheximidetreated adrenals (data not shown) seems to favor the second possibility.
